The archaeo-secular variation thus summarized can be explained more reasonably if a wobbling movement of the dipole field was assumed to have occurred.
Studies on time variation of the magnetic field of the earth have yielded valuable insight into the origin of its main dipole field. This variation, due to its extremely sluggish nature, can only be observed over a long time span. Although records of the variation from geomagnetic observatories extend back in time only some two or three hundred years, we can actually acquire data on the secular field over a much greater time range by utilizing an elegant method pioneered by Thellier (1936) , by which he succeeded in extracting ancient geomagnetic fields fossilized in ancient baked clays. Studies along the above-mentioned line of thought have been carried out in several parts of the world and subsequently pubished in different countries (Brynjolfson 1957 , Watanabe 1959 , Aitken et al. 1962 , Yukutake et al. 1963 , Kawai et al. 1965 , DuBois and Watanabe 1965 .
In a paper recently presented by Kawai, Hirooka and Sasajima (1965) having such a rapid and anticlockise movement, be reconciled with the motion today? The object of the present paper is to attempt to carry discussion of these points one stage further.
Summary of instrumental records from geomagnetic observatories
In order to answer the questions raised in the previous section we first have to summarize the instrumental records of secular variation hitherto obtained at various observatories in the world, such as London, Cape Town, Hongkong, etc. Cox and Doell (1960) have shown that it is possible to substitute a virtual pole for the true dipole field, when the number of stations is sufficiently large. Although the number in the present analysis is still too small for accurate analysis, these data seem too important to be neglected. In Fig. 2 is shown the movement of the virtual pole position obtained from the above mentioned observatories whose localities are shown in 1, 7 and 9 : after Bauer (1899) and Vestine et al. (1947) , 2 : after Brynjolfson (1957) , 3: after Aitken et al. (1963 ) 4: after Chevallier (1925 , 5 and 8: after Cox and Doell (1960) , 6 : after Watanabe (1959) , Yukutake (1962) and Kawai et al. (1965) ,10: after DuBois and Watanabe (1965 ),11: after Burlatskaya (1961 In order to construct a working model from which we can develop a comprehensive explanation of the clockwise secular and the anticlockwise archaeo-secular variation, we hereby propose a quasi-hypotrochoid motion of the dipole axis around the rotational axis of the earth. This is a combined motion of two rotations and is represented by a point on a rotating disc whose centre is simultaneously describing a circular orbit. Alternatively the motion can be explained by supposing that the dipole axis, during its precession around the geographic north pole, makes a minor nutation whose sense of motion is opposite to that of precession. The shape of this motion with several oblate loops is schematically shown in
Figs. 5 and 6. The velocity is slowest when the deviation of dipole axis from the pole is largest, and greatest when the deviation is small.
Quite independently from the hypotrochoid motion above mentioned we had another possible alternative motion, the details of which are described in the following items; 1. The dipole field has been continuing a simple anticlockwise rotation or wobbling at a rate which is same as that we estimated in our earlier paper (Kawai, Hirooka and Sasajima,1965) .
2. The westward drift of the non-dipole fields has also been continuing each of which fields is carrying a respective anomaly. This moving anomaly would produce a clockwise loop which is being superimposed on a circle due to the former simple rotation.
We considered this model very important in the beginning of this study. However, we were unable to explain the very slow motion of the present dipole field, unless we allow the former rotation to possess an irregular velocity on the one hand, and to assume on the other that the recent 200 years may have been a particular period when the movement was extremely decelerated. The above-mentioned coincidence seems to be too accidental. Furthermore, it was found that the drifting magnetic anomalies do not always produce a clockwise loop in the virtual pole path.
4. Some evidence supporting the hypotrochoid motion.
Let us reconsider the world-wide archaeo-secular variation on the basis of the hypotrochoid model. First, Brynjolfson (1957) illustrated four minor loops, appearing at 800, 1000, 1300 and 1800 A.D, respectively, whilst Kawai et al. (1965) were the second to have shown three loops appearing at 800, 1300 and 1800 A.D. Aitken (1962) has inferred similar movements at 1300 and 1800 A.D. although his curve does not make a complete loop. In the old data obtained by Chevallier (1925) , from Sicily, the same movement has also been revealed, while in the results of DuBois and Watanabe (1965) , from Arizona, one can recognize at least one loop in the period around 1300 A.D.
If we ignore one small looping motion at 1000 A.D. as seen in Brynjolfson's report, we can conclude that the loops or back and forth movement of the dipole axis, has been taking place at approximately 500 year intervals since 800 A.D. The motion is superimposed on the slightly larger anticlockwise motion whose period of rotation is about 1500 years. One can see that the angular velocity of the clockwise motion is about three times larger than that of the anticlockwise one, we believe that the present clockwise motion is nothing more than a secondary motion superimposed on the primary anticlockwise movement.
We have other data which confirms the existence of the combined rotation. If, instead of focusing our attention only on the shape of the pole motion, we look carefully at its velocity, we can easily recognize a slow motion followed by a rapid motion. It is interesting to compare Vestine's dipole motion (Vestine et aL,1963 ) with Nagata's (Nagata and Rikitake,1963) on the basis of this model. As stated already Vestine concluded that there exists no appreciable movement of the dipole axis, while Nagata has found a depends on the result of the analysis of the data in the period from 1835 to 1955 and the latter from 1955 to 1962. Vestine's analysis covers the interval of time over a hundred years from the middle of the 19th century. This interval of time corresponds to the epoch when the motion, being compensated by the superimposed motion, was almost dying. While the period for Nagata's analysis, being much more recent is close to that when the motion is gaining velocity after being nearly still.
There exist subordinate evidences which also support the present model of the "wo bbling dipole" field. Of those first to be mentioned is an estimation of the ancient field using the remanent magnetism of many potteries found at Tbilisi, U.S.S.R. Althongh no information about the ancient declination can be obtained, that of the inclination is available. The secular change in the period from 100 to 1500 A.D. thus obtained by Burlatskaya (1961) is shown by a thick line in Fig. 7 . The dotted curve in the same figure represents the change of inclination which would be expected at Tbilisi in the past on an assumption of the above mentioned hypotrochoid pole motion. The coincidence between the actual change and calculated change is conspicuous.
Keimatsu has recenly examined a large number of Chinese astronomical records with the aim of summarizing ancient aurora observed by the imperial astronomers at the capital of that country. The records can be traced back to the period of 200 B.C.
Subsequently Keimatsu, Nagata and Fukushima have pointed out that the date of one within the region of visibility for these astronomical events (see Fig. 8.) . This deviation of the axis shows a perfect agreement with the deviation to be expected from the proposed motion.
Next, if the wobbling did occur, it should have given rise to a periodic fluctuation of the total geomagnetic intensity, since the geomagnetic latitude everywhere on the earth's surface varies from time to time as the wobbling continues. This idea was suggested by Verhoogen (private communication) to one of the authors.
Quite independently of the above argument, Sasajima and Maenaka (1966) exmined the intensity measurements of baked clays in the world, and found that the deviation of worldwide results from the theoretical expectation can be much reduced when the anticlockwise circular rotation previously proposed by Kawai, Hirooka and Sasajima (1965) was taken into consideration. They, therefore, declared that such an anticlockwise rotation did exist in the past.
The present authors, instead of the simple anticlockwise rotation previously considered, have taken into account the effect of the wobbling axis upon the total geomagnetic intensity in Paris (Thellier and Thellier, 1959) , Tokyo , Kyoto (Sasajima, 1965) , Tbilisi (Burlatskaya, 1961) , Mexico (Nagata et al., 1965) and Arizona (DuBois and The dots are observed value and the thick line shows the variation of total intensity calculated from the model of quasi-hypotrochoid motion of dipole axis. The broken line shows the decrease of total intensity at equator during these 2000 years (after Thellier and Thellier). Watanabe,1965) .
In Fig. 9 shown the comparison between observed and calculated values not the intensity in Kyoto is shown.
The amplitude of intensity fluctuation obtained with this model was found to be about 30% of the total intensity and largest in Arizona. Then, from each observed value of the total intensity at each locality and each period, was substracted the calculated value of the fluctuation to see whether or not there still exists any residual time change. It follows from this that the dipole field has been decreasing in intensity these past two thousand years at menon of the geomagnetic field as was first pointed out by Thelliers (1959) .
A question remaining to be solved is what role the nondipole geomagnetic fields play in the secular field. The westward drift of the non-dipole fields relative to the mantle has long been considered to cause the variation of the secular field even without changing the intensity and the direction of the dipole field. Creer (1962) and Cox (1962) have calculated this variation which would be expected to occur at various localities on the earth. The values, however, appear to be a little too small to explain the relatively large amplitude we found in the archaeo-secular variation in the world-wide data.The drifting non-dipole fields may let the individual virtual pole path deviate from the ideal path proposed in this paper, giving rise to each characteristic of the pole motion, but obviously may not be able to change completely the conclusion we have drawn on the motion of the magnetic dipole axis of the fiearth .
However, Yukutake (1962) has proposed that he can explain his result of archaeomagnetic observation in Japan from a stand point of the westward drift theory. In the analysis he has attempted to make the present non-dipole anomalies move westward at a rate of about a 1300 year/cycle fixing the dipole field in the same direction as it is now. He declared that the secular field, since at least 1200 A.D., is the result of the westward drift and, therefore, that the present author's hypothesis would no longer be valid.
Very recently DuBois (private communication) has obtained excellent archaeomagnetic results, from an American Indian's fireplaces, whose ages were well dated by the so-called tree ring method. In his record three minor clockwise rotations and one larger anticlockwise -rotation appear in a similar fashion to that which we have proposed .
His recent argument is that the drifting of the non-dipole fields is still the best and only key to solve secular variation.
The following argument, however, seems very important and shall be added finally to our conclusion.
If only the westward drift was the causation of the secular field, as was proposed by both Yukutake and DuBois, the pole path to be obtained should have a centre which would be located close to the present pole position of the inclined dipole field. While, if the axis did wobble in the fashion we have proposed, the pole motion could have its centre lying at a point quite close to the geopraphic north pole of the earth.
Consequently, in order to know which model seems more plausible, we obtained the mean pole positions of the moving virtual pole in both the case of the Icelandic and Japaand far away from the present inclined dipole pole position.
This fact supports our "wobbling dipole field" rather than the "drifting non-dipole fields" as a more important cue to the secular variation.
